The genus Cinnamosma (Canellaceae), endemic to Madagascar Island, contains three species, C. fragrans Baillon, C. macrocarpa H. Perrier and C. madagascariensis Danguy [1] . The three species, locally known as "mandravasarotra", are traditionally used in the treatment of malaria, fatigue and muscular aches [2] .
C. fragrans leaf oil from Mariarano contained 1,8-cineole as its major component (45-55%) [2] [3] [4] , whereas oil from Tsaramandroso contained mainly linalool (72.5%) [5] . Leaf oil samples from Katsepy and Tsaramandroso belonged to four chemotypes characterized by (i) linalool (ii) 1,8-cineole iii) geranial/neral and (iv) geranic acid (48.8%) [6] . An EtOAc extract of C. macrocarpa led to the identification of ten components, including cinnamacrins A-D, cinnamodial, cinnamolide, bemadienolide, and isopolygodial [1] . Concerning C. madagascariensis, thirteen components have been found in the EtOAc bark extract, including cinnamadin, cinnamodial, and cinnamonsmolide [7] . Twenty oil samples isolated from leaves harvested in Tampolo and Ambohitantely belonged to two chemotypes, the first containing caryophyllene oxide (26.6%) and the second 1,8-cineole (30.9%) as major components [6] .
The aim of this work was to determine the chemical composition of essential oils (EOs) of C. madagascariensis isolated from leaves and bark harvested in northwestern Madagascar and separately subjected to hydro-distillation. Leaf and bark oils were obtained with yields of 0.45% and 0.19%, respectively. Special attention was paid to the identification of cyclocopacamphene, which is only rarely found in EOs.
Leaf essential oil:
The composition of the leaf oil has been investigated by a combination of GC (Retention indices, RI), GC-MS and 13 C NMR (Table 1) . Forty-two compounds were identified, accounting for 96.9% of the whole composition. The major components were myrcene (17.9%), limonene (17.8%), β-phellandrene (15.3%) and linalool (12.2%). α-Copaene (5.4%), (E)-β-caryophyllene (4.0%), δ-cadinene (3.3%) β-elemol (2.7%), caryophyllene oxide (2.1%), β-eudesmol (1.5%) and α-eudesmol (1.2%) were the main sesquiterpenenes. The chemical composition of our oil sample differed drastically from those reported in the literature, dominated by either caryophyllene oxide or 1,8-cineole. Our results confirmed the chemical variability previously observed for this plant [6] .
Bark essential oil:
The composition of the bark oil has been investigated as above (Table 1) . Forty-two identified compounds accounted for 94.3% of the whole EO. The major compounds were β-pinene (49.9%) and α-pinene (19.5%). However, a component (2.0% of the whole composition) was not identified and its identification is detailed bellow.
Identification of cyclocopacamphene:
Retention indices of the unidentified component (RI a/p = 1365/1472) suggested a sesquiterpene hydrocarbon. Computer matching against commercial and laboratory-made MS libraries proposed cyclosativene and effectively the mass spectrum fitted perfectly with that of the compound. RIs on apolar and polar columns were close to those of cyclosativene (RI a/p = 1368/1472). In contrast, none of the signals of cyclosativene were observed in the 13 C NMR spectrum of the EO. In order to elucidate its structure, we choose to concentrate this compound. The bark oil displayed a high content of monoterpene hydrocarbons (β-pinene, α-pinene and minor components, in total more than 76%). Monoterpene hydrocarbons were partially evaporated at reduced pressure and low temperature. Then, the remaining extract was subjected to column chromatography (CC) on silica gel (see experimental) and hydrocarbons were separated from oxygenated compounds. Thereby, the percentage of the unknown component was increased until it formed 33.7% in a CC fraction. [9] . e g/100g. ¹³C NMR (italic) = compounds identified by NMR in CC fractions. tr = trace level (<0.05%).
NPC Natural Product Communications
# Retention index according to Weyersthal et al. [10] .
† Nomenclature cis/trans according to Meou et al. [11] . ‡ Order of elution confirmed by NMR of a CC fraction.
+
Correct isomer not determined.
In that fraction, after assignment of the signals belonging to known compounds α-copaene (16.1%), γ-muurolene (3.2%), trans-α-bergamotene (2.8%), and α-muurolene (1.9%), a set of 15 signals with high intensities remained unassigned (DEPT spectrum: 4 CH 3 , 3 CH 2 , 5 CH, and 2 C, in agreement with a mass m/z =204). As expected, the 1 H NMR spectrum of the CC fraction was complex. However, a signal at δ 0.67 ppm (d, 5.3Hz) led us to suspect a cyclopropane moiety in the framework of the molecule. This hypothesis was corroborated by the observation of specific carbon chemical shifts (CH 3 at δ 10.4 ppm, C and CH at δ 19-23 ppm). Therefore, we oriented our research towards cyclocopacamphene, an epimer of cyclosativene. Indeed, the RI a fitted with that reported (RI = 1361) in ref [12] and 1 H NMR signals picked up on the spectrum fitted with those reported in ref [13] . Unfortunately, the 13 C NMR data were not reported. However, comparison of the 13 C NMR chemical shifts of our compound with those of cyclocopacamphan-12-ol [14] was informative. Indeed, 11 out of 15 carbon chemical shifts of our unidentified component were very close to those of cyclocopacamphan-12-ol; they differed by 0.0-0.2 ppm for 10 carbons, and 0.4 ppm for the last one. The expected differences in chemical shifts have been observed (Table 2) on C11 = +7.5 ppm, iii) shielding -effect on C10 and C13 = -4.9 and -4.6 ppm. We concluded that the unidentified component is cyclocopacamphene.
In order to confirm the syn/anti stereochemistry of the isopropyl group vs. the tricyclo[2.2.1.0 2, 6 ]heptane substructure, comparison of 13 C NMR data of cyclosativene with cyclocopacamphene should be informative. Although cyclosativene was isolated from Abies magnifica in 1968, and it is nowadays commercially available, its 13 C NMR data have not been reported. Therefore, carbon chemical shifts have been assigned using a full set of NMR sequences (Table  3) . They displayed noticeable differences with those of cyclocopacamphene, obviously due to the presence of various steric γ effects of the isopropyl group. For instance, C2 of cyclosativene was shielded by -3.74 ppm. In contrast, C6, C8 and C11 of cyclocopacamphene were shielded by -5.39, -4.26 and -3.51 ppm.
Cyclocopacamphene and cyclosativene have identical RIs on the polar column (RI p : 1479). A slight difference was observed on the apolar column. The order of elution was established by adding a small quantity of commercial cyclosativene to the hydrocarbonfraction of CC: cyclocopacamphene (RI a = 1365) was eluted just before cyclosativene (RI a = 1367). Cyclocopacamphene has been obtained by either decarboxylation of cyclocamphenic acids [15] or by a multi-steps synthesis [13] . It has also been isolated [16] (without any detail) from vetiver EO. Finally, it has been identified in vetiver oil [17] and among volatiles of pineapple [12] .
2.2.
Composition of bark oil from Cinnamosma madagascariensis: In total, 43 components, accounting for 96.3% of the whole composition, have been identified in C. madagascariensis bark oil (Table 1) . Twenty-two compounds have been identified by GC(RI), GC-MS and 13 C NMR. Analysis of fractions of chromatography permitted the confirmation of 17 other components by NMR. Identification of cyclocopacamphene has been given in detail below. The composition of the bark oil was largely dominated by β-pinene (49.9%) and α-pinene (19.5%) ( Table 1 ). The contents of other monoterpenes varied between 0.2% and 2.1%. Various sesquiterpenes were present in appreciable amounts: α-copaene (3.8%), -humulene (2.4%), cyclocopacamphene (2.0%) and δ-cadinene (1.1%). C. madagascariensis bark oil differed from the leaf oil of the same plant containing mainly myrcene, limonene, β-phellandrene and linalool. It differed also from other leaf oils with compositions dominated either by caryophyllene oxide or by 1,8-cineole [6] .
Experimental

Plant material, isolation, chromatographic fractionation of EO:
Leaves and bark of C. madagascariensis were harvested in Ambatomainty (northwestern Madagascar). The EO samples were isolated by water distillation using a Clevenger-type apparatus from leaves (213 g) and bark (405 g). Volatile hydrocarbons contained in bark oil (714 mg) were evaporated under reduced pressure at ambient temperature. The remaining mixture was subjected to CC (silica gel, 15 g, 63-200 µm). Hydrocarbons (207 mg) were eluted with n-pentane and oxygenated compounds (174 mg) with diethyl ether. Volatile monoterpene hydrocarbons were once again evaporated under vacuum yielding a sub-fraction (70 mg) that was used for NMR analysis.
Gas chromatography and nuclear magnetic resonance: GC-FID analyses and 13 C NMR spectra were recorded as previously [18] . 2D NMR spectra of cyclosativene were recorded using Bruker microprograms.
Gas chromatography-mass spectrometry: The essential oil sample was analyzed with a Perkin-Elmer TurboMass detector (quadrupole), directly coupled to a Perkin-Elmer Autosystem XL, equipped with a fused-silica capillary column (50 m x 0.22 mm i.d., film thickness 0.25 µm), BP-1 (polydimethylsiloxane). Carrier gas, helium at 0.8 mL/min; split: 1:74; injection volume: 0.5 µL; injector temperature: 250°C; oven temperature programmed from 60°C to 220°C at 2°C/min and then held isothermal at 220°C for 20 min. Ion source temperature: 250°C; energy ionization: 70 eV; electron ionization mass spectra were acquired over the mass range 35-350 Da.
Identification and quantification of individual components:
Identification of the individual components was based: i) on comparison of their GC retention indices (RI) on apolar and polar columns, with either those of authentic compounds or literature data [8] ii) on computer matching with a laboratory-made and commercial mass spectral libraries and comparison of spectra with literature data [19] , iii) on comparison of the signals in the 13 C NMR spectra of the mixtures with those of reference spectra compiled in the laboratory spectral library, with the help of laboratory-made software [20] . Quantitative determination was according to Costa et al. [9] . Nonane was used as an internal reference; the percentage of each compound was calculated using response factors.
